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Abstract 
Lime is an agricultural product that is exceptionally expensive during some periods of a year. In this research, juice was 
squeezed out from the fresh lime prior to exposing to four different processing schemes. They comprised with  
(1) pasteurization at 85 C for 30 s, (2) pasteurization at 95 C for 30 s, (3) UHT sterilization at 136 C for 4 s and (4) vacuum 
evaporation at temperature range of 68-72 C and vacuum pressure of 97325.35 Pa before pasteurization at 72 C for 15 s. 
The main objective was to study the effects of processing methods on the physical properties of products so that the proper 
techniques for preserving lime juice would be identified. The specimens were kept at room temperature and measured their 
physical attributes every week for 7 weeks; as a result, it appeared that the reconstituted lime juice prepared from the sample 
manufactured by the fourth processing scheme had the most similar physical characteristics to the freshly squeezed lime juice. 
Furthermore, the panelists preferred this juice specimen to those produced from the other three methods that applied higher 
processing temperatures. 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Universiti Sains 
Malaysia. 
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1. Introduction 
Lime (Citrus aurantifolia) is a sort of citrus fruits that are traditionally cultivated in Asian countries. In 
Thailand, most of lime plantations are located in the West and the South regions with the total production over 
120,000 tons a year. Lime is deemed as a household fruit because lime juice is an essential ingredient in many 
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kinds of authentic Thai food due to its unique sour taste; for example, Pad Thai noodle, papaya salad (Som Tum) 
and Tom Yum soup.  
 
Nowadays, most Thai people directly squeezed juice from the fresh limes during their cooking foods. 
Although there are some commercial lime juice products sold in the marketplace, they are not 100% natural 
because some artificial acids and flavors are blended into them. Therefore, in order to obtain the high quality lime 
juice, the consumers have to purchase the fresh limes. However, Thai people always face the problems about the 
price fluctuation of limes every year. Usually, in rainy season, the price is rather cheap with merely about 0.25 
Baht each; on the other hand, it sometimes soars to 20 folds during summer. In order to serve the consumer needs 
and maintain the stability of price of this main food ingredient, the food processing techniques that can extend the 
shelf-life of lime juice such as concentration, pasteurization and ultra-high temperature (UHT) sterilization should 
be applied.  
 
The juice concentration is considered as a solution to lengthen the storage life, reduce the storage and 
transportation costs, and lift the consumer safety while preserving the fresh quality of juice [1].So far, there have 
been a number of literatures in the area of fruit juice concentration [1,2,3]. However, the research related to the 
lime juice concentration is limited.  
 
The pasteurization and UHT sterilization are common techniques to extend the shelf-life and raise the 
consumer safety while maintaining the fresh quality of juice [4,5]. For the juice that has pH lower than 4.5 such 
as lime juice, the pasteurization can lead to the long-term storage life of product [4]. Until now, there has been the 
shortage of the published research about the pasteurization and UHT sterilization of lime juice.  
 
Due to the reason described above, in this work the fresh lime juice was processed by applying the 
concentration, pasteurization and UHT sterilization techniques. The main aim was to investigate the effects of 
these preservation techniques on the physical attributes of the lime juice so that the proper techniques for 
preserving lime juice would be clarified.  
 
2. Materials and methods 
2.1. Raw materials 
Fresh limes of Rutaceae variety were purchased from Talaad Thai which is the largest central market for 
agricultural goods of Thailand. The limes were washed, squeezed and then screened out the pulp from juice by 
the mesh. The fresh juices were used for four different processing schemes comprising with (1) pasteurization at 
85 oC for 30 s, (2) pasteurization at 95 oC for 30 s, (3) UHT sterilization at 136 oC for 4 s and (4) vacuum 
evaporation at temperature range of 68-72 oC and vacuum pressure of 97325.35 Pa before pasteurization at 72 oC 
for 15 s. The fresh juice preparation and the processing were conducted on the same day for all experiments. 
2.2. Pasteurization and UHT sterilization  
The pasteurization and UHT sterilization were carried out using the lab-
pasteurized juices were promptly filled into glass bottles after heating. Then, they were cooled down in the ice 
water. Dissimilarly, the UHT processed juices were aseptically filled in the clean fill hood and kept in the 
sterilized glass containers. 
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Fig. 1.  A schematic diagram of the UHT/HTST machine [5] 
2.3. Vacuum evaporation 
-T (Hisaka Works Co., 
Ltd., Japan). The juice was heated using hot water as a heating medium at temperature range of 68-72 oC and 
vacuum pressure of 97325.35 Pa. The system was operated until the concentration of juice reached the maximum 
level which the evaporator could accomplish. After evaporation, the concentrated juice was pasteurized at 72 oC 
for 15 s by boiling and then the juice was filled into glass bottles prior to cooling down in ice water. 
2.4. Quality determination 
The fresh, pasteurized, UHT and concentrated juice samples were measured their color, pH, soluble solid 
content and viscosity. In addition, the concentrated juice was diluted to the comparable soluble solid content as 
the fresh juice for the quality measurement. The color, pH, soluble solid content and viscosity were measured in 
three replicati
at room temperature and measured their physical attributes every week for 7 weeks. Also, the sensory evaluation 
was performed in aspects of color, flavor, appearance and overall liking for the fresh, pasteurized, UHT and 
diluted samples that were stored no longer than 7 days using 9-point Hedonic scale test by 30 panelists who were 
the students at the Department of Food Science and Technology, Kasetsart University. 
The software package of Statistica 5.5 StatSoftTM (supplied by StatSoft, Inc. Tulsa, OK 74104 USA) was 
used for statistical analysis. 
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3. Results and discussion  
The summary of the quality determination of lime juice samples after processing are presented in Table 1. 
According to the results, it appeared that the total soluble solid, pH and viscosity of the fresh lime juice were 
insignificant different from those of the sample reconstituting from the concentrated juice. It is because the 
criterion for reconstitution was that the lime juice concentrate must be diluted to be the same level of total soluble 
solid as the fresh juice. Dissimilarly, it was found that the pasteurized, UHT and concentrated samples had their 
total soluble solid, pH and viscosity values significantly different from the fresh specimen. The explanation in 
case of concentrated juice is obvious because in the process of vacuum evaporation an amount of water was 
removed from the specimen leading to the lower pH and also higher total soluble solid and viscosity. It must be 
noted that the concentration level of the lime juice concentrate was only about 25 oBrix because of the existing 
vacuum evaporator capability.  However, for the pasteurized and UHT samples the reason is diverse. The 
decreases in total soluble solids and viscosity were likely to be caused by the operation procedure of the 
UHT/HTST machine which the tap water must be continuously fed into the system for both before and after 
supplying the juice sample in order to maintaining the pumping and heating components. As a consequence, this 
water might mixed up with the lime juice leading to a slight dilution. If considering the color, it is clear that the 
colors of processed lime juices were more intense than that of the fresh one especially the lime juice concentrate. 
In general, the concentration, heating temperature level and heating time are directly related to the color intensity 
[6]. The explanation is that the heat supplied during the evaporation, pasteurization and UHT processes expedited 
the maillard reaction between the reducing sugar and amino acid in the juice leading to the browning [7]. The 
results in this work indicated that the color of concentrated juice was the strongest due to both heat exposure and 
total solid content effects while the color of the diluted sample was the most similar to the fresh. In addition, the 
E* of the concentrated juice was highest whereas those of the reconstituted sample was lowest. This implies that 
the color of the diluted juice was the most analogous to the fresh juice. Referring to the sensory evaluation results, 
the sample diluted from the lime juice concentrate got the closet scores to the fresh juice and was preferred to the 
other processed juices in all facets. 
The qualities of lime juice samples after storage for 4 and 7 weeks are summarized in Table 2 and 3 
respectively. The results indicated that the total soluble solid, pH and viscosity of the samples did not noticeably 
change during 7 week storage at room temperature. The trend of viscosity values was decreasing along the longer 
storage period whereas the color appeared to be slightly darker. However, the greenness values (a*,-) apparently 
declined during storage. The decrease of viscosity during storage might be caused by either the degradation of 
some compositions such as protein or carbohydrate due to enzyme reactions or the rearrangement of the 
microstructures. The increase of the darkness should be due to the enzymatic browning reaction occurring during 
storage [4]. Although the heat treatment during processing can inactivate some enzymes in the lime juice,  
a number of enzymes remained active. For the drop of the greenness values, it related to the chlorophyll 
degradation due to the remaining enzymes and the light exposure during storage.           
From the results as a whole, the outcome of this research revealed that the juice concentration is considered as 
the most proper processing method for extending the shelf-life and raising the consumer safety while maintaining 
the fresh quality of lime juice. 
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Table 1.  The total soluble solid, pH, viscosity, color, and sensory test results of the lime juice samples after processing (< 1 week storage) 
 
Sample 
Total  
soluble solid 
( Brix) 
pH Viscosity  (cP) 
Color Sensory test result (9 = maximum) 
L* a* b* E* Color Flavor Appearance Overall liking 
Fresh juice 8.4±0.07 c 2.7±0.02 b 7.5±0.58 b 54.6±3.12e -6.7±0.55 c 9.6±0.97 a - 7.7±0.66d 7.5±0.58d 7.9±0.70d 7.4±0.72d 
Pasteurized 
juice (85 C  
for 30 s) 
7.7±0.05a 2.6±0.04a 4.2±0.61a 49.3±2.17c -2.7±0.86a 16.6±1.32c 9.6 6.1±0.57b 6.2±0.77b 6.6±0.99b 6.0±0.77b 
Pasteurized 
juice (95 C  
for 30 s) 
7.7±0.06a 2.6±0.07a 4.1±0.62a 49.3±2.04c -2.8±0.86a 16.7±1.28c 9.7 6.1±0.66b 6.3±0.74b 6.8±0.77b 6.2±0.74b 
UHT juice 8.0±0.05b 2.6±0.03a 4.1±0.57a 47.8±1.82b -2.7±0.73a 17.8±1.30d 11.4 5.4±0.66a 5.6±0.82a 5.7±0.91a 5.6±0.63a 
Concentrated 
juice 
24.8±0.11d 2.6±0.02a 113.3±15.48c 46.2±1.11a -2.7±0.38a 21.4±1.36e 15.0 N/A N/A N/A N/A 
Diluted juice 
from 
concentrated 
sample 
8.4±0.05c 2.7±0.03b 6.7±0.60b 50.5±1.63d -4.9±0.66b 11.2±1.50b 4.8 6.8±0.90c 6.9±0.86c 7.3±0.92c 7.0±0.86c 
Note:  N/A = Not applicable  
The color was measured in L* (lightness), a*(-, greenness; +, redness) and b* (-, blueness; +, yellowness).  
Total soluble solid, pH, L*, a*, b* and sensory test results are mean  standard deviation. 
Means with the same superscript within same column are insignificant different (P > 0.05). 
222 ******* juicefreshsamplejuicefreshsamplejuicefreshsample bbaaLLE  
 
 
Table 2.  The total soluble solid, pH, viscosity and color values of the lime juice samples after 4 week storage 
 
Sample Total soluble solid ( Brix) pH 
Viscosity 
(cP) 
Color 
L* a* b* E* 
Fresh juice 8.4±0.10 c 2.7±0.01 b 7.5±0.10 c 54.6±0.03 e -6.7±0.04 a 9.6±0.63 a - 
Pasteurized juice (85 C 
for 30 s) 
7.8±0.06a 2.6±0.00a 4.2±0.06a 49.1±0.49b -2.6±0.08d 16.5±0.34c 9.7 
Pasteurized juice (95 C 
for 30 s) 
7.7±0.00a 2.7±0.01b 4.2±0.06a 49.3±0.39bc -2.7±0.01d 16.5±0.23c 9.6 
UHT juice 8.0±0.00b 2.6±0.02a 4.2±0.08a 47.6±0.35a -2.6±0.04d 17.4±0.13d 11.3 
Concentrated juice 24.8±0.10d 2.6±0.00a 109.5±1.22d 50.9±0.18d -2.8±0.12c 21.8±0.57e 13.3 
Diluted juice from 
concentrated sample 
8.4±0.06c 3.0±0.01c 6.5±0.03b 50.0±0.75c -4.7±0.11b 10.9±0.08b 5.2 
 
 
Table 3.  The total soluble solid, pH, viscosity and color values of the lime juice samples after 7 week storage 
Sample Total soluble solid ( Brix) pH 
Viscosity 
(cP) 
Color 
L* a* b* E* 
Fresh juice 8.4±0.10 c 2.7±0.01c 7.5±0.10 c 54.6±0.03e -6.7±0.04a 9.6±0.6 a - 
Pasteurized juice (85 C 
for 30 s) 
7.7±0.00a 2.6±0.01b 3.3±0.04a 46.5±0.32b -2.0±0.00d 15.2±0.21b 10.1 
Pasteurized juice (95 C 
for 30 s) 
7.7±0.00a 2.6±0.06b 3.3±0.03a 46.6±0.02b -2.0±0.02d 15.4±0.09b 10.1 
UHT juice 7.9±0.00b 2.6±0.00b 3.1±0.01a 45.1±0.73a -1.9±0.04d 16.7±0.31c 11.7 
Concentrated juice 24.7±0.009d 2.5±0.01a 99.7±1.09d 50.0±0.04d -2.1±0.02c 19.6±0.40d 15.2 
Diluted juice from 
concentrated sample 
8.3±0.06c 2.6±0.02b 6.0±0.15b 49.1±0.17c -4.1±0.10b 9.6±0.39a 5.5 
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4.  Conclusions 
 
This research revealed that the reconstituted lime juice prepared from the sample manufactured by the vacuum 
evaporation had the most similar physical characteristics to the freshly squeezed lime juice. Furthermore, the 
panelists preferred this juice specimen to those produced from the other three methods that applied higher 
processing temperatures. Therefore, the juice concentration is considered as the appropriate processing method 
for extending the shelf-life and raising the consumer safety while maintaining the fresh quality of lime juice. 
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